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ENCAPSULATING PACKAGE, PRINTED
CIRCUIT BOARD, ELECTRONIC DEVICE
AND METHOD FOR MANUFACTURING
ENCAPSULATING PACKAGE

This application 1s the National Phase of PCT/IP2009/
051325, filed Jan. 28, 2009, which 1s based upon and claims
the benefit of priority from Japanese Patent Application No.
2008-192342, filed on Jul. 25, 2008, the content of which 1s
incorporated herein 1n 1ts entirety by reference.

TECHNICAL FIELD

The present invention relates to an encapsulating package
having an electronic device encapsulated therein, and a
manufacturing method thereof.

BACKGROUND ART

In recent years, for a package or a device having an elec-
tronic device such as an infrared ray sensor, gyro sensor
(angular velocity sensor), temperature sensor, pressure sen-
sor, and acceleration sensor vacuum-encapsulated therein,
there has been a demand for miniaturization, technological
advances 1n performance, and cost reductions. In particular,
for a package or a device having an infrared ray sensor, which
1s used 1n a surveillance camera for night-time security or 1s
used in thermography for calculating and displaying tempera-
ture distribution, mounted therein, the inside thereot needs to
be vacuum-encapsulated.

In general, as an infrared ray detecting devices, a quantum
type and a thermal type exist. Among these, although the
thermal type has a lower level of tracking capability com-
pared to that of the quantum type, since 1t 1s of a form which
detects a relative thermal quantity, 1t may be made in a non-
cooling form and the structure thereof may be simplified. As
a result, manufacturing cost can be kept low with the thermal
type.

In a package or device having this thermal type infrared ray
sensor mounted therein, an infrared ray which has been trans-
mitted through a window 1s absorbed by a light-receiving
section of the detecting device, and the temperature of the
vicinity of the light-receiving section changes. Further, resis-
tance change associated with this temperature change 1s
detected as a signal.

Here, in order to detect a signal with a high level of sensi-
tivity, the light-receiving section needs to be thermally insu-
lated. Therefore, this thermal insulation property has been
conventionally ensured by having a structure in which the
light-receiving section 1s floated 1n an empty space, or by
arranging the detecting element 1nside a vacuum container.

As such a thermal type non-cooling infrared ray sensor
device, for example, there 1s a structure disclosed in Japanese
Unexamined Patent Application, First Publication No. H11-
326037 (refer to Patent Document 1).

FI1G. 42 shows a cross-sectional structure of this non-cool-
ing inifrared ray sensor device.

This device includes a substrate 101 having a light-rece1v-
ing section 102, and an infrared transmitting window 104
having one or more through holes 105, which 1s arranged at a
distance from the light-receiving section 102 while a space
103 1s present therebetween. Furthermore, the substrate 101
and the transmitting window 104 are air-tightly fixed on a
bond surface which completely surrounds the light-recerving,
section 102. In this package, there 1s provided a structure 1n
which the space 103 between the substrate 101 and the trans-
mitting window 104 1s made a vacuum by evacuating the air

10

15

20

25

30

35

40

45

50

55

60

65

2

therein through the through holes 105, and then the through
holes 105 are sealed by a sealing material 106 such as solder.

Moreover, a similar thermal type non-cooling infrared ray
sensor device, there 1s a structure disclosed 1n Japanese Unex-
amined Patent Application, First Publication No.

H10-132634 (refer to Patent Document 2).

FIG. 43 shows a cross-sectional structure of this non-cool-
ing inirared ray sensor device.

This device includes: a base 112 having an infrared ray
detecting element 111; a lid 115 which has an inirared ray
incident hole 116, through which an infrared ray 1s incident,
and which 1s joined with the base 112; an inirared optical
component 117 which 1s fixed on the Iid 115 by a fixing
material 118 so as to block the infrared ray incident hole 116;
a vacuum sealing hole 119 provided so as to pass through the
lid 115; and a sealing material 120 which has a melting
temperature lower than a melting temperature of the fixing
material 118, and which blocks the vacuum sealing hole 119.

Furthermore, in general, there occurs a phenomenon such
that once an electronic device has been encapsulated 1n a
vacuum atmosphere, gas molecules (H,O, O,, N,, and so
forth) having been adsorbed on the surface inside a vacuum
encapsulating package are slowly released into the space
inside the package as time advances, and the level of vacuum
within the package 1s reduced. As a result, there 1s a problem
in that the performance of the electronic device 1s reduced (1n
an inirared ray sensor for example, the sensitivity of output
signals 1s reduced).

Consequently, in a conventional vacuum encapsulating
package, 1n order to remedy this type of problem, a material
called a “getter” 1s mounted inside the package, so that even
in a case where outgassing occurs inside the package
described above, this getter absorbs the gas molecules,
thereby preventing the level of vacuum from being reduced.

As a matenal of the getter, for example, zircontum, vana-
dium, 1ron, or an alloy of these materials 1s used. However, 1f
it 1s left 1in the atmosphere, gas molecules become adsorbed
on the surface thereof, and consequently 1t becomes saturated
and unable to adsorb gas no more. Therefore, before mount-
ing it inside the vacuum encapsulating package and vacuum
encapsulating 1it, 1t 1s necessary to perform a so-called “acti-
vation” process, 1n which heat (approximately 400° C. to
900° C.) 1s applied to the getter to thereby release molecules
on the surface, and having completed the activation process,
the getter needs to be encapsulated 1n the vacuum atmo-
sphere.

As such a thermal type non-cooling infrared ray sensor
device having a getter mounted therein and a manufacturing
method thereot, for example, there 1s a technique disclosed in
Japanese Unexamined Patent Application, First Publication
No. 2003-139616 (refer to Patent Document 3). FIG. 44
shows a cross-sectional structure of this non-cooling infrared
ray sensor device. In this structure, there 1s disclosed a tech-
nique 1n which a getter 122 1s connected to terminals 113, a
connecting point of which 1s provided each inside and outside
the package, and by flowing electric current to these terminals
113 from the terminals 113 outside the package, a heater 110
(which 1s electrically connected to the terminals 113: refer to
FIG. 45) built into the getter 122 1s heated and the getter 122
1s heated and activated at the same time. Furthermore, in
Patent Document 3 mentioned above, as shown as another
technique 1 FIG. 46, there 1s also disclosed a method 1n
which the getter 122 1s weld-bonded on the inner surface of a
metal cap 124, and the getter 122 1s heated and activated by

bringing a heated external heater 125 1n contact with the metal
cap 124.
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Moreover, as a thermal type non-cooling infrared ray sen-
sor device having the getter 122 mounted therein, and a manu-

facturing method thereot, 1n addition to these, there 1s a tech-
nique disclosed 1n Japanese Unexamined Patent Application,
First Publication No. H11-3260377 (Patent Document 1 men-
tioned above). That 1s to say, the method, as shown in FI1G. 47,
1s such that a getter 122 wired through vacuuming through
holes 105 provided 1n an infrared ray transmitting window, 1s
arranged within a space 103 between a substrate 127 and an
infrared optical component (detection target selecting mate-
rial) 117, and the getter 122 1s heated and activated by apply-
ing electricity to a wire 130 arranged through the through
holes 105. Moreover, there 1s a technique disclosed 1n Japa-
nese Unexamined Patent Application, First Publication No.
2006-10405 (refer to Patent Document 4). That 1s to say, the
method, as shown in FIG. 48, 1s such that a getter 122
mounted on a spacer 131 connected to an infrared optical
component 117 1s brought 1n contact with a lower heater 133
and 1s heated and activated within a vacuum chamber 133, and
then a substrate 127 on which an infrared ray detecting device
111 1s formed, 1s bonded with the infrared optical component
117 within a vacuum atmosphere.

| Patent Document 1] Japanese Unexamined Patent Applica-

tion, First Publication No. H11-326037

| Patent Document 2] Japanese Unexamined Patent Applica-
tion, First Publication No. H10-132654

[Patent Document 3] Japanese Unexamined Patent Applica-
tion, First Publication No. 2003-139616

[Patent Document 4] Japanese Unexamined Patent Applica-
tion, First Publication No. 2006-10405

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

However, there are the following problems in the vacuum
encapsulating packages shown in FIG. 42 and FI1G. 43.

1) For example, to describe using FIG. 43, in the case of
performing a process of sealing the vacuum sealing hole
(sealing hole) 119 using the sealing material 120, the entire
inirared ray detecting package or the infrared optical compo-
nent (detection target selecting material) 1n the vicimity of the
sealing material 120 will also have to be heated, and therefore
the melting point of the sealing material 120 needs to be
considerably lower than the melting point of the fixing mate-
rial 118 which bonds the infrared optical component (detec-
tion target selecting material) 117 and the 11d (container main
body) 115. However, considering the points including reli-
ability and manufacturing process, 1t is realistically difficult
to select a fixing material 118 and a sealing material 120
having a considerable difference 1n the melting point therebe-
tween (that 1s to say, manufacturing is difficult), and also the
level of freedom allowed 1n the structure design 1s reduced.

2) Moreover, since the method 1s such that having per-
formed vacuuming from the vacuum sealing hole (sealing
hole) 119 1n the vacuum atmosphere, the sealing material 120
1s placed 1n the vacuum sealing hole (sealing hole) 119 and 1s
then melted, 1t 1s difficult to handle the sealing material 120 in
the vacuum atmosphere. There 1s a possible method 1n which,
for example, amechanism such as robot-handling mechanism
1s 1nstalled 1nside a vacuum apparatus. However, the cost of
apparatus manufacturing becomes high as the level of quality
and performance of each component thereof need to be high
in order to realize a high level of vacuum, the cost of manu-
facturing the robot-handling mechanism itself 1s high in the
first place, and further, the size of the entire apparatus 1s made
large by providing a transporting mechamsm. As a result, 1t
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leads to high manufacturing cost for the vacuum apparatus for
manufacturing a vacuum encapsulating package.

Moreover, it may be considered that when installing a
package 1n a state before 1t 1s vacuum-encapsulated inside the
vacuum apparatus, by preliminarily placing the sealing mate-
rial 120 over the vacuum sealing hole (sealing hole) 119 (at
this time, the sealing material 120 1s arranged so that 1t wall
not completely block the vacuum sealing hole), the type of
handling hardship described above is resolved. However,
even 1n the air and not 1n the vacuum atmosphere, 1t 1s difficult
to place the sealing material 120 over the vacuum sealing hole
(sealing hole) 119, and then install the pre-vacuum-encapsu-
lated package 1nside the vacuum chamber while not moving
the sealing material 120. Moreover, the level of productivity
1s obviously low.

Moreover, there are the following problems 1n the conven-
tional vacuum encapsulating packages shown in FIG. 44,
FIG. 45, FIG. 46, FIG. 47, and FIG. 48.

3) For example, there 1s a problem in the conventional
vacuum encapsulating packages shown 1n FIG. 44 and FIG.
45, 1n which, as shown 1n FI1G. 45, the getter 122 needs to have
a built-in heater 123, and manufacturing of the getter 122
cannot be automated, consequently making the getter 122
itsell expensive. As a result, the cost for manufacturing the
vacuum encapsulating package using this, becomes high.

4) Moreover, there 1s a problem in the manufacturing
method of the conventional vacuum encapsulating package
shown 1n FIG. 46 or FIG. 48, 1n which there 1s a need for
installing a special mechanism, a robot-handling mechanism,
or the like capable of raising or lowering a machine compo-
nent within the vacuum apparatus so that the metal cap 124 or
the infrared optical component 117 can be raised or lowered
in the vacuum atmosphere and can be connected to a ceramic
package 126 or to the substrate 127, and consequently the
vacuum apparatus itsell becomes expensive. As a result,
equipment 1nvestment cost for the manufacturing apparatus
becomes high.

5) Furthermore, there 1s a problem in the manufacturing
method of the conventional vacuum encapsulating package
shown 1n FIG. 47 1n which for each package, the wiring 128
connected to the getter 122 needs to pass through the through
holes 105 formed 1n the infrared optical component 117, and
therefore the level of productivity 1s low and 1t 1s difficult to
achieve 1mexpensive manufacturing cost for the vacuum
encapsulating package 1n this type of method.

Moreover, here, the vacuum encapsulating package having
an 1nfrared ray sensor mounted as an electronic device 1s
taken as a representative example of an airtight encapsulating,
package, with reference to Patent Documents 1, 2, 3, and 4.
However, needless to say, the above problems 1), 2), 3), 4),
and 5) are still present even 1n those cases where the electronic
device 1s a device other than the infrared ray sensor.

Furthermore, the above problem 1) 1s present even in a case
where the package configuration of the electronic device 1s
not a vacuum encapsulated package (the inside of the package
1s vacuum) and 1s an airtight encapsulating package 1n which
the atmosphere inside the package 1s simply 1solated from the
atmosphere outside the package.

The present mvention takes into consideration the above
circumstances, and an object thereof 1s to provide an airtight
encapsulating package, a vacuum encapsulating package, a
printed circuit board having these mounted thereon, an elec-
tronic device, and a method for manufacturing an encapsu-
lating package, 1n which a through hole can be quickly and
casily blocked, no expensive vacuum apparatus (with a mov-
able machine component provided therein, or with a robot-
handling mechanism or the like provided therein) 1s used,
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superior productivity can be achieved, there 1s provided a
function of preventing a reduction in the level of vacuum even
on a long term basis, and the manufacturing cost thereof can
be reduced.

Means for Solving the Problem

In order to solve the above problems, the present invention
employs the following measures.

The present invention includes a package main body sec-
tion having a hollow section; and an electronic device pro-
vided 1n the hollow section 1n the package main body section,
in the package main body section, there being formed a
through hole, through which the hollow section communi-
cates with outside of the package main body section, and 1n
the through hole, there being provided a sealing section in
which a vicinity of the through hole 1s partly heated and a
constituent material of the package main body section 1is
melted to thereby block the through hole. 20

Moreover, the present mnvention includes a package main
body section having a hollow section; and an electronic
device provided 1n the hollow section in the package main
body section, 1n the package main body section, there being
formed a through hole, through which the hollow section 25
communicates with outside of the package main body sec-
tion, 1n a vicinity of the through hole, there being provided a
low-melting point section having a melting point lower than
that of the package main body section, and in the through
hole, there being provided a sealing section in which the 30
low-melting point section 1n the vicimity of the through hole 1s
partly heated and the low-melting point section 1s melted to
thereby block the through hole.

Furthermore, 1n the present invention, the package main
body section 1s configured such that a first main body section 35
and a second main body section are bonded via the hollow
section, the through hole 1s formed 1n the second main body
section, and the low-melting point section 1s formed in an
entire surface of the second main body section including an
inner periphery section of the through hole. 40

Moreover, 1n the present invention, the low-melting point
section 1s partly heated and melted by a laser beam, a thick-
ness of the low-melting point section 1s set so that a volume of
the low-melting point section to be melted 1s greater than a
volume of the through hole, and a spot diameter of the laser 45
beam 1s set greater than a diameter of the through hole.

Furthermore, in the present mmvention, the low-melting
point section 1s Sn or an alloy material including Sn.

Moreover, 1n the present mvention, the through hole 1s
formed 1n a tapered shape, a diameter of which gradually 50
becomes smaller with approach from a surface of the package
main body section to an opposite side surface.

Furthermore, 1n the present invention, the through hole 1s
formed 1n a tapered shape, a diameter of which gradually
becomes smaller with approach from a surface of the package 55
main body section to a depth-wise center of the through hole.

Moreover, 1 the present invention, the through hole 1s
formed so as to be diagonal with respect to a thickness direc-
tion of the package main body section.

Furthermore, 1n the present invention, the package main 60
body section includes a cylindrical section formed in a cyl-
inder shape, and a plate section formed 1n a plate shape, and
the plate section and the cylindrical section are bonded so that
the plate section blocks a cylinder hole of the cylindrical
section. 65

Moreover, 1n the present invention, the hollow section 1s
filled with a nitrogen gas or an 1nert gas.
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Furthermore, 1in the present invention, the hollow section 1s
vacuumed via the through hole, and the through hole 1s
blocked 1n a vacuum atmosphere to thereby vacuum encap-
sulate the electronic device.

Moreover, in the present invention, inside the package
main body section, at a position which 1s contactable with a
laser beam irradiated through the through hole, there 1is
mounted a getter material capable of adsorbing gas mol-
ecules.

Furthermore, 1n the present invention, the electronic device
1s an inirared ray receiving element, and 1n a portion of the
package main body section which opposes to a light recerving
section of the infrared ray receiving element, there 1s provided
an inirared ray transmitting hole, and an infrared ray trans-
mitting window material 1s bonded so as to block the iirared
ray transmitting hole.

Moreover, 1n the present invention, the package main body
section 1cludes a wiring substrate, and the electronic device
1s electrically connected to the wiring substrate.

Furthermore, in the present ivention, on a surface of the
wiring substrate, there 1s formed a continuous conductor pat-
tern which surrounds a periphery of the electronic device, and
a width of the conductor pattern 1s wider than a bonding width
of a structure to be bonded with the wiring substrate.

Moreover, 1n the present invention, on a same surface of the
wiring substrate as a surface having the electronic device
provided thereon, and 1nside and outside of the hollow sec-
tion, there 1s provided an external terminal which 1s electri-
cally connected to the electronic device.

Furthermore, in the present ivention, on a surface of the
wiring substrate where the electronic device 1s provided, and
on a surface reverse-opposite of the surface having the elec-
tronic device provided thereon, there 1s formed an external
terminal which 1s electrically connected to the electronic
device.

Moreover, 1n the present invention, Au 1s formed at least on
either one of a surface of the conductor pattern formed on the
wiring substrate, and a surface of the external terminal.

Furthermore, 1n the present invention, the wiring substrate
uses a ceramics material or S1 for a base material thereof.

Moreover, 1n the present invention, the package main body
section excluding the wiring substrate includes an alloy mate-
rial including at least Ni.

Furthermore, the present invention the package main body
section 1includes a semiconductor material, a metallic mate-
rial such as Ni, Fe, Co, Cr, T1, Au, Ag, Cu, Al, Pd, and Pt, an
alloy material having these as a primary component thereot, a
glass material, or a ceramics material.

Moreover, a printed circuit board according to the present
invention includes an encapsulating package according to any
one of claim 1 to claim 20.

Furthermore, an electronic device according to the present
invention includes an encapsulating package according to any
one of claim 1 to claim 20, or a printed circuit board according
to claim 21.

Moreover, the present invention 1s a method for manufac-
turing an encapsulating package including a package main
body section 1n which a first main body section and a second
main body section are bonded via a hollow section, and an
clectronic device provided 1n the hollow section 1n the pack-
age main body section, the method including: a mounting step
of mounting an electronic device on the first main body sec-
tion; a bonding step of bonding the second main body section
with the first main body section having the electronic device
mounted thereon 1n the mounting step, so that the electronic
device 1s arranged within the hollow section; and a sealing
step of, 1n a state where the first main body section and the
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second main body section have been bonded in the bonding,
step, partly heating a vicinity of a through hole formed 1n the

second main body section, and melting a constituent material
of the second main body section, to thereby block the through
hole.

Furthermore, the present invention 1s a method for manu-
facturing an encapsulating package including a package main
body section 1n which a first main body section and a second
main body section are bonded via a hollow section, and an
clectronic device provided 1n the hollow section 1n the pack-
age main body section, the method including: a mounting step
of mounting an electronic device on the first main body sec-
tion; a bonding step of bonding the second main body section
with the first main body section having the electronic device
mounted thereon 1n the mounting step, so that the electronic
device 1s arranged within the hollow section; and a sealing
step of, 1n a state where the first main body section and the
second main body section have been bonded 1n the bonding
step, partly heating a low-melting point section, which 1s
provided 1n a vicinity of a through hole formed 1n the second
main body section and has a melting point lower than that of
the second main body section, and melting the low-melting
point section, to thereby block the through hole.

Moreover, the present invention includes: a mounting step
of mounting a getter material capable of adsorbing gas mol-
ecules, at a position 1nside the package main body section
where 1t 1s contactable with a laser beam 1rradiated through
the through hole; a vacuuming step of vacuuming inside of a
vacuum chamber where the first main body section and the
second main body section bonded in the bonding step are
installed, to thereby vacuum inside the hollow section via the
through hole; and a heating step of irradiating a laser beam
through the through hole to thereby heat the getter matenal.

Furthermore, 1n the present invention, the sealing step 1s
performed within a nitrogen atmosphere or 1n an inert gas
atmosphere.

Moreover, the present mnvention includes a vacuuming step
of vacuuming inside of the vacuum chamber where the first
main body section and the second main body section bonded
in the bonding step are installed, to thereby vacuum 1nside the
hollow section via the through hole, and 1n the sealing step, a
laser beam 1s irradiated 1n a vicinity of the through hole from
outside of the vacuum chamber through a transmitting win-
dow provided in the vacuum chamber, and the through hole 1s
blocked within a vacuum atmosphere, a nitrogen atmosphere,
or an 1nert gas atmosphere.

Furthermore, 1n the present invention, in the sealing step, a
laser beam 1s 1rradiated 1n a vicinity of the through hole, and
an 1rradiation diameter of the laser beam 1s set greater than a
diameter of the through hole.

Moreover, 1n the present invention, in the sealing step, a
laser beam 1s 1rradiated 1n a vicinity of the through hole, and
the method of 1rradiating the laser beam 1s a method of irra-
diating the laser beam so as to draw a circle centered on the
through hole.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view showing a state of 1rradi-
ating a laser beam on a metallic layer formed on a structure.

FIG. 2 15 a cross-sectional view showing a state where the
metallic layer heated by the laser beam of FIG. 1 1s blocking,
a through hole.

FI1G. 3 1s a diagram showing an encapsulating package in a
first exemplary embodiment of the present invention, and 1s a
cross-sectional view showing a state prior to blocking a

through hole.

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 4 1s a cross-sectional view showing a state where the
through hole of FIG. 3 1s blocked.

FIG. 5 15 a perspective view (illustrated to bring an elec-
tronic device 9 1nto view) seen from the above the encapsu-
lating package of FIG. 3.

FIG. 6 1s a cross-sectional view showing a modified
example of FIG. 3.

FIG. 7 1s a cross-sectional view showing a state where the
through hole of FIG. 3 1s blocked.

FIG. 8 1s a cross-sectional view showing another modified
example of FIG. 3.

FIG. 9 15 a cross-sectional view showing a state where the
through hole of FIG. 8 1s blocked.

FIG. 10 1s a diagram showing a manufacturing method of
the encapsulating package of FIG. 3, and 1s an explanatory
diagram showing a state where an electronic device 1s pro-
vided on one principal surface of a structure.

FIG. 11 1s an explanatory diagram showing a state where
the electronic device of FIG. 10 1s connected to a pin.

FIG. 12 1s an explanatory diagram showing a state where a
sectionally channel-shaped structure 1s bonded with the struc-
ture of FIG. 11.

FIG. 13 1s an explanatory diagram showing a state where
the through hole of FIG. 12 1s blocked.

FIG. 14 1s an explanatory diagram showing a method 1n
which the inside of an encapsulating package 1s vacuumed
while being placed 1nside a vacuum chamber, and a laser 1s
irradiated from the outside of the vacuum chamber to the
periphery of the through hole of the package through a glass
window attached to the vacuum chamber.

FIG. 15 1s a diagram showing an encapsulating package in
a second exemplary embodiment of the present invention, and
1s a cross-sectional view showing a state prior to blocking a

through hole.

FIG. 16 1s a cross-sectional view showing a state where the
through hole of FIG. 15 1s blocked.

FIG. 17 1s a diagram showing an encapsulating package in
a third exemplary embodiment of the present invention, and 1s
a cross-sectional view showing a state prior to blocking a
through hole.

FIG. 18 1s a cross-sectional view showing a state where the
through hole of FIG. 17 1s blocked.

FIG. 19 1s a cross-sectional view showing a modified
example of FIG. 17.

FIG. 2015 a cross-sectional view showing a state where the
through hole of FIG. 19 1s blocked.

FIG. 21 1s a diagram showing an encapsulating package in
a fourth exemplary embodiment of the present invention, and
1s a cross-sectional view showing a state prior to blocking a
through hole.

FIG. 22 1s a cross-sectional view showing a state where the
through hole of FIG. 19 1s blocked.

FIG. 23 1s a cross-sectional view showing a modified
example of FIG. 21.

FIG. 24 1s a cross-sectional view showing a state where the
through hole of FIG. 23 1s blocked.

FIG. 25 1s aplan view showing an encapsulating package in
a fifth exemplary embodiment of the present invention.

FIG. 26 1s an explanatory diagram showing a state where
structures of FIG. 25 are bonded with each other.

FIG. 27 1s an enlarged cross-sectional view showing a state
of the structures of FIG. 26 being bonded with each other.

FIG. 28 15 a cross-sectional view showing the shape of the
through hole 1n the fifth exemplary embodiment of the present
invention.

FIG. 29 1s a cross-sectional view showing a modified

example of FIG. 28.
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FI1G. 301s a cross-sectional view showing another modified
example of FIG. 28.

FI1G. 31 1s a diagram showing an encapsulating package in
a seventh exemplary embodiment of the present invention,
and 1s a cross-sectional view showing a state prior to blocking
a through hole.

FI1G. 32 1s a cross-sectional view showing a state where the
through hole of FIG. 31 1s blocked.

FI1G. 33 1s a plan view showing a flat plate of FIG. 31.

FIG. 34 1s a plan view showing a ring-shaped material of
FIG. 31.

FI1G. 35 1s a diagram showing an encapsulating package in
an eighth exemplary embodiment of the present invention,
and 1s a cross-sectional view showing a state prior to blocking
a through hole.

FI1G. 36 15 a cross-sectional view showing a state where the
through hole of FIG. 35 1s blocked.

FI1G. 37 1s a plan view showing a flat plate of FIG. 35.

FIG. 38 1s a plan view showing a ring-shaped material of
FIG. 35.

FI1G. 39 1s a plan view showing an infrared ray transmitting
window material of FIG. 35.

FI1G. 40 1s an explanatory diagram showing a printed circuit
board 1n a tenth exemplary embodiment of the present inven-
tion.

FIG. 41 1s an explanatory diagram showing a modified
example of FIG. 40.

FIG. 42 1s a cross-sectional view showing a conventional
vacuum encapsulating package.

FI1G. 43 15 a cross-sectional view showing another conven-
tional vacuum encapsulating package.

FIG. 44 1s a cross-sectional view showing still another
conventional vacuum encapsulating package.

FIG. 45 1s a cross-sectional view showing still another
conventional vacuum encapsulating package.

FIG. 46 1s a cross-sectional view showing still another
conventional vacuum encapsulating package.

FIG. 47 1s a cross-sectional view showing still another
conventional vacuum encapsulating package.

FIG. 48 1s a cross-sectional view showing still another
conventional vacuum encapsulating package.

FI1G. 49 1s a diagram showing an encapsulating package in
a ninth exemplary embodiment of the present invention, and
1s a cross-sectional view showing a state prior to blocking a
through hole.

FIG. 50 1s a cross-sectional view showing a state where the
through hole of FIG. 49 1s blocked.

FIG. 51 1s a cross-sectional view showing a modified
example of the ninth exemplary embodiment of the present
invention.

FIG. 52 1s a cross-sectional view showing a modified
example of the ninth exemplary embodiment of the present
ivention.

FI1G. 53 15 a cross-sectional view showing a state where the
ninth exemplary embodiment of the present invention shown
in FIG. 49 (prior to blocking the through hole) 1s installed
inside a vacuum chamber.

FIG. 54 1s a cross-sectional view showing a state where a
getter material of FIG. 53 1s being heated by a laser beam
transmitted through the through hole.

FIG. 55 1s a cross-sectional view showing a state where,
alter the step ol FIG. 54, a laser beam 1s being irradiated to the
periphery of the through hole.

FI1G. 56 15 a cross-sectional view showing a state where the

through hole has been blocked after the step of FIG. 55.

REFERENCE SYMBOLS

1: Structure (package main body section)
1a: Structure (second main body section)
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15: Structure (first main body section)
4: Through hole
9: Electronic device
10: Sealing section
13: Metallic layer (low-melting point section)
21: Ring-shaped matenal (cylindrical section)
22: Flat plate (plate-shaped section)
24: Infrared ray sensor (infrared ray receiving element)
26: Conductor pattern
277: Wiring substrate
14, 28: External terminal
25: Infrared ray transmitting window material
32: Printed circuit board
33: Encapsulating package
35: Infrared ray transmitting hole
38: Getter material
39: Laser apparatus
40: Stage mside vacuum chamber

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

(Exemplary Embodiment 1)

Hereunder, an encapsulating package in a first exemplary
embodiment of the present invention 1s described, with ret-
erence to drawings.

FIG. 4 and FIG. 5 show the encapsulating package as the
first exemplary embodiment of the present invention.

FIG. 3 shows a state prior to blocking a through hole 4.

The encapsulating package includes a structure (package
main body section) serving as a package main body. This
package main body section 1 includes a structure (first main
body section) 15 formed 1n a rectangular plate shape, and a
structure (second main body section) 1a bonded with this
structure 1b.

The structure 1a 1s formed 1n a hollow rectangular box
shape, and one surface of side surface sections thereof 1s
open. That 1s to say, the structure 1a 1s a sectionally channel-
shaped surface when seen from a side. Further, the structure
1a and the structure 15 are bonded so as to cover the open
portion of the structure 1a.

There are no particular limitations on the material of the
structures 1a and 1. However, a preferred material 1s a mate-
rial which 1s unlikely to release gas after airtight sealing 1s
conducted by local heat application, specifically, a semicon-
ductor material such as S1 and Ge, a metallic material such as
N1, Fe, Co, Cr, 'T1, Au, Ag, Cu, Al, Pd, and Pt, an alloy material
with any of these materials serving as a primary component
thereof, or a glass or ceramics material such as S10, and
Al,O;. Here, 1t1s preferable to avoid use of a resin material for
the material of the structures 1a and 15. The reason for this 1s
to prevent gas release caused by a process of melting and
cooling the constituent material by local heat application to
thereby airtightly seal the hole.

The structure 1a and the structure 15 may be bonded via a
solder material such as Sn, Pb, SnPb, SnAg, SnCu, SnAgCu,
Snln, SnZn, SnB1, SnZnB1, B1, In, and InAg. In this case, 1t 1s
preferable that on the surface of the portion where the struc-
ture 1a and the structure 15 are bonded with each other, there
1s preliminarily formed, by means of a sputtering method, a
vapor deposition method, or a plating method, Ni, Ni1P, Au,
Cu, Ag, Fe, Co, Pd, Ti, Cr, or Pt, which prevents solder
diffusion or promotes solder wettability, or an alloy with any
of these materials serving as a primary component thereof.
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The above solder material 1s supplied between these metal-
lic films, and 1t 1s heated and melted using a reflow furnace, a
hot plate, or the like, to thereby connect the structure 1a and
the structure 1.

Moreover, there are several other methods for connecting
the structure 1a and the structure 15 without using the above
solder material. For example, 11 the combination of matenals
which constitute the structure 1a and the structure 15 1s
S1—S1, S10,—S10,,, Si-glass, glass-glass, or the like, they
may be directly bonded by means of anodic bonding or the
like. Furthermore, 1n the case of S1—5S1, glass-glass, metal-
metal, or the like, surface activated bonding may be
employed. Moreover, 1f the combination 1s metal-metal,
bonding may be conducted by means of a thermal compres-
s1on bonding method or a welding method, 1n addition to the
surface activated bonding.

Furthermore, Au may be preliminarly film-formed on the
surface of the structures 1a and 15, and the structures 1a and
15 may be bonded 1n a process of an Au—Au thermal com-
pression bonding, an ultrasonic bonding, a surface activated
bonding, or the like.

Moreover, on one principal surface of the structure 15,
which 1s inside the hollow interior of the structure 1a, there 1s
provided a rectangular plate-shaped electronic device 9.

The electronic device 9 1s fixed on the one principal surface
ol the structure 15 via a bonding material 11 such as an epoxy
resin based adhesive film and metallic solder material. More-
over, the electronic device 9 1s electrically connected to a pin
(output terminal) 8 formed so as to pass through the structure
15 while maintaining airtightness against the structure 15, by
a wire line 7 composed of a material such as Al and Au. As this
clectronic device 9, for example, a memory eclement
(memory) such as DRAM and flash memory, various types of
arithmetic processing devices (processor), a power supply
clement, a sensor element (pressure sensor, acceleration sen-
sor, acceleration sensor, gyro sensor, hydraulic sensor, inira-
red ray sensor), or the like may be used with no particular
restriction.

Moreover, 1n the ceiling surface of the structure 1a, there
are formed a plurality of through holes 4. The number of the
through holes 4 may be appropnately changed, and may be
one. The through holes 4 are formed, for example, by methods
such as anisotropic etching, isotropic etching, dry etching,
drilling, sand blasting, ultrasonic machining, and wire-elec-
trical discharging. In a case where the base material, 1n which
the through holes 4 are formed, 1s S1, the through holes 4 may
be formed by means of anisotropic etching or 1sotropic etch-
ing. That 1s to say, the through holes may be formed such that
a mask or an alkali-resistant resist composed of an S10.,,, S1N,
S10N, or metallic material 1s formed on a portion where the
through holes 4 are not formed, and then etching 1s conducted
using KOH, TMAH (Tetramethylammonium Hydroxide),
hydrazine, EPW (ethylenediamine-pyrocatechol-water), or
the like. Furthermore, 1n a case where the base material 1s not
a s1licon material and 1s a metallic material, a photoresist may
be used as the mask material and an acid or alkal1 may be used
as the etching liquid. The method of forming the through
holes 4 1s common among embodiments described later.

Moreover, the through hole 4 1s blocked by a sealing sec-
tion 10 composed of the material which constitutes the struc-
ture 1a. That 1s to say, the periphery of the through hole 4 1s
locally heated to a temperature greater than or equal to the
melting point of the material constituting the structure 1a and
1s thereby melted, and 1t 1s solidified 1n a state of blocking the
through hole 4 to thereby block the through hole 4. The
location where each through hole 4 1s blocked becomes the
sealing section 10. Furthermore, various examples, including
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a case ol blocking them 1n the air, a case of blocking them
within a nitrogen or inert gas atmosphere, a case of blocking
them within a vacuum atmosphere, or the like, may be applied
to the through holes 4. In a case where the electronic device 9
1s encapsulated 1n the air (the through holes 4 are blocked 1n
the air), there 1s no concern of oxidization or erosion caused
by the atmosphere outside the structures 1a and 15. However,
it may not pass a long-term reliability test due to oxXygen and
the minute amount of water content contained 1n the air inside
the structures 1a and 15 1n some cases. In this type of case, 1t
1s prelerable that the through holes 4 are blocked within a
nitrogen atmosphere or 1n an nert gas atmosphere, or they are
blocked within a vacuum atmosphere. Since blocking the
through holes 4 1n the air involves the lowest manufacturing
cost, 1t 1s preferable to investigate trade-oll between reliabil-
ity and manufacturing cost, and then decide the most suitable
atmosphere 1n which they are to be blocked.

Accordingly, the hollow section of the structure 1 1s filled
with a nitrogen gas or inert gas or 1s vacuumed. Theretfore, the
clectronic device can be encapsulated within an environment
where there are almost no oxygen and water vapor, and as a
result, 1t 1s possible to realize a package with superior long-
term reliability and low malfunctioning rate.

Moreover, as for the dimension of the through holes 4, the
smallest possible dimension 1s preferable. The reason for this
1s that 1f the through hole 4 1s large, then the amount of time
required for blocking the through hole 4 will become long,
and the power of a laser apparatus for blocking the through
holes 4 will need be high, consequently making the manufac-
turing cost high. There 1s no problem 1f the inside of the
structures 1a and 15 1s filled with air. However, 11 the through
hole 4 1s too small, there will be a problem 1n that i1t 1s difficult
to fill the atmosphere 1nside the structures 1a and 15 with a
nitrogen gas or nert gas, and vacuuming takes a long time 11
a vacuum atmosphere 1s needed. Consequently, it 1s also
preferable to decide the size of the through holes 4 based on
the cost of the total process.

In FIG. 3 and FIG. 4, there 1s shown a state where a through
hole 4 1s formed 1n the ceiling surface of the structure 1a.
However, it 1s not limited to this, and the position of the
through hole 4 may be appropriately changed. For example,
as shown in FIG. 6, athrough hole 4 may be formed 1n the side
surface of the structure 1a, and the through hole 4 may be
blocked as shown in FIG. 7 1n a manner similar to that
described above. Moreover, as shown 1 FIG. 8, a through
hole 4 may be formed in a position 1n the structure 15 which
communicates with the hollow section of the structure 1a, and

the through hole 4 may be blocked as shown 1n FIG. 9 1n a
manner similar to that described above.

Here, retference symbol 12 denotes a surface on which the
clectronic device 9 1s formed.

Next, there 1s described a method for manufacturing the
encapsulating package in the present embodiment configured
in this way.

First, as shown in FIG. 10, the electronic device 9 1s
mounted (adhesion-fixed) on the structure 15, using the bond-
ing material 11 such as epoxy resin based adhesive film and
metallic solder material. Then, as shown 1n FIG. 11, the
external terminal (omitted 1n the diagram) of the electronic
device 9 and the pin (output terminal) 8 formed 1n the struc-
ture 15 are bonded using the wire line with Al, Au, or the like
serving as the primary component thereof.

Next, as shown 1n FIG. 12, 1n a state where the electronic
device 9 1s housed within the closed space surrounded by the
structure 1a and the structure 15, the structure 15 and the
structure 1a are bonded. The example of the bonding method
1s as described above.
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In the structure 1 (here, 1n the structure 1a), there 1s pre-
liminarily formed a through hole 4 as described above.
Accordingly, as shown in FIG. 14, the periphery of the
through hole 4 1s locally heated by irradiating a laser beam on
the periphery of the through hole 4 using a laser apparatus,
and 1t 1s heated to a temperature greater than or equal to the
melting point of the material which constitutes the structure
1a to melt the material and block the through hole 4, thereby
manufacturing an airtight encapsulating package shown in
FIG. 13.

Here, the step of blocking the through hole 4 may be
performed 1n the air, and may also be performed 1n a nitrogen
atmosphere or 1n an inert gas (He, Ne, Ar, or the like) atmo-
sphere 1n order to eliminate oxygen and water content from
the surrounding atmosphere of the electronic device 9 to the
greatest possible extent. The step of blocking the through hole
4 within a nitrogen atmosphere or 1nert gas atmosphere may
be performed 1n the space filled with the mitrogen gas or inert
gas. Further, 1t may be performed 1n a space such that having
vacuumed the 1nside of the vacuum chamber once, a nitrogen
gas or an inert gas 1s supplied into the 1nside of the vacuum
chamber and 1t 1s filled with this gas. Furthermore, the
through hole 4 may be blocked 1n a vacuum atmosphere.

In the case of blocking the through hole 4 1n a vacuum
atmosphere, 1t 1s done as described below. That 1s to say, first,
a sample (package) shown 1n FIG. 12 1s installed inside the
vacuum chamber, and the 1nside of the vacuum chamber 1s
vacuumed to thereby evacuate, through the through hole 4,
the 1nside of the closed space surrounded by the structure 1a
and the structure 156. Then, as shown 1n FIG. 14, a laser beam
1s 1irradiated, through a glass window provided 1n the vacuum
chamber, on the periphery of the through hole 4 from the
outside of the vacuum chamber. Furthermore, the material 1s
locally heated to a temperature greater than or equal to the
melting point of the material constituting the structure 1a and
the material 1s melted, thereby blocking the through hole 4
with the matenal.

Moreover, 1n the case of blocking the through hole 4 within
a nitrogen atmosphere or within an inert gas atmosphere, 1t 1s
performed by a method similar to that described above, 1n
which having vacuumed the inside of the vacuum chamber,
the above gas may be supplied into the inside of the chamber
to thereby fill the chamber.

The method of wrradiating a laser beam to heat only the
periphery of the through hole 4 offers a manufacturing merit
in the points that: the electronic device 9 1s not exposed to a
high temperature and therefore the characteristic of the elec-
tronic device 9 will not be unnecessarily deteriorated, and the
location where the structure 1a and the structure 156 are
bonded, and the location where the electronic device 9 1s
bonded with the structure 15 using the bonding material 11
will not be unnecessarily separated.

Moreover, since a laser beam can be irradiated on the
periphery of the through hole of the package (before assem-
bly completion) installed 1nside the vacuum chamber without
having to arrange the laser apparatus within a vacuum atmo-
sphere, 1t 1s possible to realize a smaller vacuum chamber and
realize a more inexpensive vacuum chamber. As a result, 1t 1s
possible to manufacture a package at a more inexpensive
manufacturing cost.

Furthermore, the diameter of the laser beam is preferably
greater than the diameter of the through hole 4. The reason for
this 1s that 1f the diameter of the laser beam 1s smaller than the
diameter of the through hole 4, then there will be employed a
method 1n which a laser beam 1s irradiated so as to serially
trace the outer periphery of the through hole 4 to gradually
block the through hole 4. Consequently, the amount of time
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required for blocking the through hole 4 will become long and
the cost for the manufacturing process will become high. On
the other hand, 1f the diameter of the laser beam 1s greater than
that of the through hole 4, 1t 1s possible, by aligning the center
of the spot diameter of the laser beam with the center of the
through hole 4, to reduce the amount of time required for
blocking the through hole 4.

Moreover, 1n the case where a laser beam 1s irradiated while
aligning the spot diameter center of the laser beam with the
center of the through hole 4, the laser beam passes through the
center of the through hole 4, and therefore, the position of the
through hole 4 needs to be preliminarily designed so that the
laser beam will not come 1n contact with the electronic device
9, the wire line 7, the wiring, and so forth.

Furthermore, the number of laser beam shots 1s higher than
that 1n the above method, and consequently the amount of
time required for blocking the through hole 4 becomes long.
However, in the step of blocking the through hole 4, there may
of course be employed amethod of irradiating a laser beam so
as to draw a circle centered on the through hole. In the case of
this method, since the laser beam will not pass through the
through hole 4, there 1s a merit in that there 1s no risk of the
laser beam coming 1n contact with the electronic device 9, the
wire line 7, the wiring, and so forth present on the inner side
of the through hole 4, and the level of freedom 1s increased 1n
designing the position of the electronic device 9, the wire line,
and the wiring.

Moreover, as the laser, a YAG laser 1s suitable, however, in
addition to this, there may be used any type of laser capable of
melting the matenial to be melted, such as a ruby laser, a
carbon dioxide gas laser, an excimer laser, a liqud laser, a
semiconductor laser, and a free electron laser. As for the laser,
it 1s similar among all of the embodiments 1n the present
specification.

Thus, according to the encapsulating package in the
present embodiment, since the constituent material of the
through hole periphery 1s directly melted by local heat appli-
cation such as laser beam irradiation to thereby block the
through hole 4, there 1s no need for a process of a conventional
technique 1n which a third fixing material for blocking the
through hole 1s arranged over the through hole, and the manu-
facturing cost can be reduced.

(Exemplary Embodiment 2)

Next, a second exemplary embodiment of the present
invention 1s described.

FIG. 15 and FIG. 16 show the second exemplary embodi-
ment of the present invention.

In FIG. 15 and FIG. 16, the same reference symbols are
given to portions the same as constituents described in FIG. 1
to FIG. 4, and descriptions thereol are omitted.

The basic configuration of this embodiment 1s the same as
that of the first exemplary embodiment described above, and
points of difference therebetween are mainly described here.

FIG. 16 1s a cross-sectional view showing an encapsulating,
package 1n the second exemplary embodiment of the present
invention.

FIG. 15 1s a cross-sectional view showing a state of a
through hole 4 1n FIG. 16 prior to being blocked.

In the first exemplary embodiment of the present invention
shown in FI1G. 4 and FI1G. 5, there 1s 1llustrated the example of
the electronic device 9 being electrically connected to the pin
(outputterminal) 8 by the wire line 7. On the other hand, in the
encapsulating package 1n the second exemplary embodiment
shown 1n FIG. 15 and FIG. 16, an electronic device 9 1s
connected to an external terminal (omitted 1n the diagram) of
a structure 14, and the structure 15 1tself functions as a circuit

board.
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Moreover, although omitted in the diagram, there may be
provided a configuration connected by a so-called tlip-chip
mounting method, 1n which the structure 15 1s a circuit board,
and a circuit surface of the electronic device 9 faces the
structure 15 (circuit board).

As the circuit board, use of a wiring substrate which uses a
ceramics material such as glass ceramics or alumina, or S1 for
the base matenal thereot, 1s preferred. The reason for this 1s
that the base material used 1n this type of wiring substrate has
a low coellicient of linear expansion (approximately 3 to 4
ppm), and therefore the difference 1n coeflicient of linear
expansion between the wiring substrate and the electronic
device 9 (circuit 1s formed on a base substrate composed of Si
in general) 1s small. As a result, 1t 1s possible to realize a
package with a high level of long-term reliability. Moreover,
if the above material 1s used as the base material, there 1s a
merit 1n that outgassing from the base material 1s lower com-
pared to the case of using a resin material for the base mate-
rial, and 1t 1s possible to prevent deterioration in the level of
vacuum after manufacturing the vacuum encapsulating pack-
age.

(Exemplary Embodiment 3)

Next, a third exemplary embodiment of the present inven-
tion 1s described.

FI1G. 17 and FIG. 18 show the third exemplary embodiment
ol the present 1nvention.

In FIG. 17 and FIG. 18, the same reference symbols are
given to portions the same as constituents described 1n FIG. 1
to FIG. 16, and descriptions thereol are omitted.

The basic configuration of this embodiment 1s the same as
that of the first exemplary embodiment described above, and
points of difference therebetween are mainly described here.

FIG. 18 1s a cross-sectional view showing an encapsulating
package 1n the third exemplary embodiment of the present
invention.

FIG. 17 1s a cross-sectional view showing a state of a
through hole 4 1n FIG. 18 prior to being blocked.

The first and second exemplary embodiments illustrates
the examples of the electronic device 9 being mounted on the
structure 15 via the bonding material 11. On the other hand,
the encapsulating package in the third exemplary embodi-
ment of the present invention shown in FIG. 17 and FIG. 18 1s
such that an electronic device 9 (electronic circuit) 1s formed
directly on a structure 15 serving as a substrate.

In this case, there 1s a merit in that the package can be made
thin as the electronic device 9 (electronic circuit) formed
directly on the structure 15 has a thin thickness (several 10
um), and there 1s also a mert 1n that gas release 1nside the
package 1s unlikely after it has been airtightly sealed as there
1s no need for using a bonding material 11.

As shown 1in FIG. 19 and FIG. 20, the electronic device 9
may be connected to an external terminal (omitted 1n the
diagram) of the structure 15, and the structure 15 1tself may
function as a circuit board (wiring substrate: a substrate hav-
ing a wiring pattern formed thereon).

According to this configuration, the external terminal (thin
and flat pad) 1s provided on both surfaces of the wiring sub-
strate, and therefore, there 1s no need for providing an output
terminal (pin) 1n the package main body section, and it 1s
possible to realize a small and thin encapsulating package. In
general, 1t 1s difficult to mimiaturize the pin (it 1s difficult to
make the outer size 1 mm or less as with the pad of the wiring,
substrate) and make 1t thin (1t also has a thickness of several
millimeters or more), and therefore, 1t has a disadvantage for
mimaturizing an encapsulating package and making it thin.

Moreover, in the example shown in FI1G. 42, light recerving,
sections are formed directly on a silicon substrate. That 1s to
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say, a plurality of light recerving sections are formed on a
silicon waler, and finally 1t 1s diced into 1ndividual pieces to
thereby manufacture a light recerving device. However, with
this type of structure, 1n the light receiving device (individual
piece), there 1s required a region where a transmitting win-
dow, which surrounds the periphery of the light receiving
section, 1s mounted. Consequently, the area of a single light
receiving device (individual piece) becomes large, and the
number of light recerving devices which can be manufactured
from a single silicon water becomes small. As a result, the
per-piece cost for the single light recerving device becomes
high. In addition, a process of forming the light recerving
device involves a number of steps, and therefore, there 1s a
significant impact of an increase in the manufacturing cost of
the light recerving device caused by an increase in the outer
s1ze of the light recerving device. In contrast, the manufac-
turing cost of the wiring substrate 1s inexpensive, and there 1s
a merit i that the structure of the encapsulating package
according to the present invention 1s less expensive compared
to the structure of the example illustrated 1n FIG. 42.
(Exemplary Embodiment 4)

Next, a fourth exemplary embodiment of the present inven-
tion 1s described.

FIG. 21 and FIG. 22 show the fourth exemplary embodi-
ment of the present invention.

In FIG. 21 and FIG. 22, the same reference symbols are
grven to portions the same as constituents described in FIG. 1
to FIG. 20, and descriptions thereol are omitted.

The basic configuration of this embodiment 1s the same as
that of the first exemplary embodiment described above, and
points of difference therebetween are mainly described here.

FI1G. 22 1s across-sectional view showing an encapsulating
package 1n the fourth exemplary embodiment of the present
invention.

FIG. 21 1s a cross-sectional view showing a state of a
through hole 4 1n FIG. 22 prior to being blocked.

In the present embodiment, a wiring substrate 1s used for a
structure 15, and there 1s a difference in the position of an
external terminal 14 of the wiring substrate. In the example
shown 1n FIG. 22, on a surface the same as a surface (one
principal surface) 15 of the wiring substrate (corresponding,
to the structure 15 here), on which an electronic device 9 1s
mounted, and both 1nside and outside the closed space sur-
rounded by the structure 1, there 1s formed an external termi-
nal 14 electrically connected to the electronic device 9.

This airtightly encapsulating package 1s further connected
clectrically to another circuit board via the external terminal
14 which 1s present outside the structure 1a, by a connection
means such as wire bonding.

According to this configuration, the external terminal elec-
trically connected to the electronic device 1s formed, outside
the hollow section, on the surface the same as the surface
having the electronic device mounted thereon. Theretfore, 1t 1s
possible to realize a package thinner than the package shown
in FIG. 43 which uses a pin (output terminal).

Also, this may be modified as shown 1n FIG. 23 and FIG.
24. That 1s to say, 1n the example shown 1n FIG. 24, on the
surface 15 of the wiring substrate (corresponding to the struc-
ture 156 here) where the electronic device 9 1s mounted, and on
a surface 16 reverse-opposite of this surface 15, there is
formed an external terminal 14 electrically connected to the
clectronic device 9.

In the example shown 1n FIG. 24, an external terminal 1s
formed also on the surface 16 reverse-opposite of the surface
15 having the electronic device 9 mounted thereon, and 1f an
clectric conductor such as a solder ball (a conductive ball
composed of a material such as Sn, SnPb, SnAg, SnAgCu,
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SnCu, Snln, SnZn, SnB1, and SnZnB1) 1s formed by means of
retflowing or the like, 1t 1s possible to realize a package capable
of thip-tlop mounting. In this case, there 1s a merit in that it can
be made smaller compared to the structure of FIG. 22 as the
external terminal 14 does not have to be formed on the out-
ermost periphery section of the package.

Moreover, as the wiring substrate, use of a wiring substrate
which uses a ceramics material such as glass ceramics or
alumina, or S1 for the base material thereot, 1s preferred. The
reason for this 1s that, as described 1n the second exemplary
embodiment of the present ivention, these base materials
have a low coellicient of linear expansion (approximately 3 to
4 ppm), and therefore the difference in coetlicient of linear
expansion between the wiring substrate and the electronic
device 9 (circuit 1s formed on a base substrate composed of Si
in general) 1s small. As a result, 1t 1s possible to realize a
package with a high level of long-term reliability.

Furthermore, 1n the embodiment of the present invention, it
1s preferable that the structure 1a excluding the wiring sub-
strate includes a structure manufactured with an alloy mate-
rial such as kovar and 42 alloy which at least contains Ni. An
alloy material such as kovar and 42 alloy which at least
contains N1 has a low coellicient of linear expansion (approxi-
mately 3 to 4 ppm), and as a result, 1t 1s possible to realize a
package with a high level of long-term reliability. Moreover,
since an alloy material such as kovar and 42 alloy which at
least contains N1 1s a magnetic matenal, this has a magnetic

shielding effect. As a result, no electromagnetic interference
from another electronic device mounted outside the structure
which encapsulates the electronic device 9 1s received, and
therefore, there 1s a mert 1n that a stable operation can be
realized. On the other hand, 1n a case where the electronic
device 9 encapsulated 1n the structure emits strong electro-
magnetic waves, there 1s a merit 1n that iterference of the
clectromagnetic waves with another electronic device
mounted outside the structure 1 can be prevented. Further-
more, since these materials are metallic materials and are
electric conductors, there 1s a merit in that 1in the case where a
metallic layer (metallic film), the type of which differs from
these materials, needs to be formed on the surface, 1t 1s pos-
sible to use an electro (electrolytic) plating method which 1s
capable of forming a thick metallic layer 1n a shorter period of
time and at lower cost compared to those of the sputtering
method and vapor deposition method.

Moreover, 1n the present embodiment, manufacturing 1s
conducted such that on the surface of the structure 1a (includ-
ing the mterior of the through hole 4), there 1s preliminarily
formed a metallic layer (low-melting point section) 13, the
melting point of which 1s lower than that of the material
constituting the structure 1la, and this metallic layer 13 1s
heated and melted by a local heat application method such as
laser beam 1rradiation, to thereby block the through hole.

The metallic layer 13 1s formed by means of an electrolytic
plating method, nonelectrolytic plating method, sputtering
method, vapor deposition method, or the like. It the structure
la 1s an electric conductor such as metal, manufacturing
conducted by the electrolytic method 1s preferable 1n terms of
manufacturing cost.

Furthermore, for the metallic layer 13, a so-called solder
material such as Sn or Sn-containing alloy (SnPb, SnAg,
SnCu, SnAgCu, Snln, SnZn, SnB1, and SnZnB1), the melting
point of which 1s low among metallic materials, 1s preferable.
Since these materials have a melting point o1 300° C. or lower
and have a high energy absorption rate for a laser beam, it 1s
possible, when performing local heat application using a laser
beam, to melt the metallic layer 13 with use of a laser appa-
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ratus of lower power specification, and the equipment invest-
ment cost for the manufacturing apparatus can be made lower.

Furthermore, since the metallic layer 13 with alow melting
point 1s used, the length of laser irradiation time can be
reduced and the process cost can be reduced.

Moreover, the examples of FIG. 21 to FIG. 24 show an
example of the metallic layer 13 being formed on the entire
surface of the structure 1a. However, 1t may be formed only
on the periphery of the through hole 4 and inside the through
hole 4. From the aspect of the manufacturing cost, it 1s more
preferable to form the metallic layer 13 on the entire surface
ol the structure 1a as shown 1n FIG. 21 to FIG. 24 because the
mask cost 1s not needed and therefore this can be conducted
inexpensively.

That 1s to say, since the metallic layer 13 1s formed on the
entire surface of the structure 1 including the through hole 4,
there 1s no need for a process with use of a mask compared to
the structure having a metallic film partly formed thereon. As
a result, an iexpensive airtightly encapsulating package can
berealized. Moreover, by forming the metallic layer 13 onthe
entire surface, the metallic layer 13 can not only function as a
material which blocks the through hole 4 but also function as
a material which bonds the structures 1a and 15b. Conse-
quently, with just a single process of forming the metallic
layer 13, 1t 1s possible to inexpensively realize an encapsulat-

ing package, compared to the case of separately forming a
fixing material which bonds the structures with each other.

Furthermore, if the metallic layer 13 1s also formed inside
the through hole 4 as with the present invention, the material
of the metallic layer 13 melted by heat application wetly
spreads out well also 1nside the hole, and there 1s a merit 1n
that the through hole 4 can be reliably blocked. 11 the metallic
layer 13 1s absent inside the through hole and the material of
the structure 1a 1tself 1s exposed, a wettability defect occurs
on the metallic layer 13, and 1t takes a long time when block-
ing the 1nside of the hole.

Moreover, 1n the case of the structure of the exemplary
embodiment 1 (the structure in which the metallic layer 13 1s
not formed, and the constituent material of the structure 1 1s
melted to thereby block the through hole 4), the size of the
through hole 4 needs to be a small size of approximately 100
um or less (blocking becomes difficult 11 the hole 1s large).
However, taking into account the strength of drill teeth, 1t 1s
difficult to form a through hole 4 of 100 um or less, for
example, 1n a machining process.

On the other hand, 1n the case of the encapsulating package
shown 1in FI1G. 21 to FIG. 24, if the through hole 4 to be formed
in the structure 1a has a diameter of approximately 200 um,
which can be easily formed 1n a machining process, and then
the metallic layer 13 1s formed with a thickness of 70 um on
the surface of the structure 1 including the inside the hole, 1t
1s possible to easily form a hole with a diameter of 60 um.
Further, 11 the diameter of the hole 1s 60 um, the through hole
can be easily blocked by melting the metallic layer 13.

Moreover, 1 the exemplary embodiment of the present
invention, there 1s no need for a process of arranging a third
fixing material over the through hole 4, and therefore, the
number of manufacturing steps becomes smaller, and 1t 1s
possible to realize a more 1expensive airtightly encapsulat-
ing package.

Furthermore, 1n the case of the exemplary embodiment of
the present mvention, it 1s preferable that dimensions A, B, C,
and D are defined as dimensions which satisiy the following
inequations, where A 1s taken as the thickness of the metallic
layer 13, B 1s taken as the diameter of the through hole 4 after
the metallic layer 13 has been formed, C is taken as the
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thickness of the structure 1a with the through hole 4 formed
therein, and D 1s taken as the spot diameter of laser beam.

CB*/(D°-B*)=4

B<D

Here, the above inequations are described 1n detail below,
with reference to FIG. 1 and FIG. 2.

FI1G. 1 1s a cross-sectional view showing a state of a laser
beam 3 being irradiated on the metallic layer 13 formed on the
structure 1. FIG. 2 1s a cross-sectional view showing a state
where the metallic layer 13 heated by the laser beam 3 1s
blocking the through hole 4.

A, B, C, and D are respectively the thickness of the metallic
layer 13, the diameter of the through hole 4 after the metallic
layer 13 has been formed, the thickness of the structure hav-
ing the through hole 4 formed therein, and the spot diameter
of the laser beam 3.

If the portion where the laser beam 3 and the metallic layer
13 are 1n contact with each other 1s assumed to be a circle with
a diameter D, the following formula (1) denotes a volume 3
(V ,_5) of the metallic layer 13 which receives 1rradiation of
the laser beam 3, 1s heated to a temperature greater than or

equal to the melting point, and 1s melted to block the through
hole 4.

Vr p=nA(D?~B%)/4 (1)

Moreover, the following formula (2) denotes a volume 6
(VB) of the through hole 4 blocked with the metallic layer 13.

(2)

Here, 1n order to completely {ill the through hole 4 with the
metallic layer 13, the following formula (3) needs to be sat-

1stied.

Va=EVo

V,=nCB%/4

(3)

Therelfore, substituting the formulas (1) and (2) for the
values of the formula (3), and re-organizing 1t yields the
tollowing formula (4).

CB*/(D°-B*)=4 (4)

Moreover, the spot diameter D of the laser beam 3 needs to
be greater than the diameter B of the through hole 4 1n order
to heat the metallic layer 2 on the periphery of the through
hole 4, and therefore, 1t needs to satisiy the condition denoted
by the following formula (5).

B<D (3)

That 1s to say, the thickness A of the metallic layer 13 1s set
so that the volume (V ,_;) of the metallic layer 13 to be melted
becomes greater than or equal to the volume (V) of the
through hole 4, and the spot diameter D of the laser beam 3 1s
set so as to be greater than the diameter B of the through hole
4.

As described above, according to this configuration, by
preliminarily designing the thickness A of the metallic layer
13, the diameter B of the through hole 4 after the metallic
layer 13 has been formed, the thickness C of the structure
having the through hole 4 formed therein, and the spot diam-
cter D of the laser beam 3 so as to satisty the formulas (4) and
(5), 1t 1s possible to reliably block the through hole 4 with the
metallic layer 13, and realize a package with high manufac-
turing yield.

Furthermore, according to this encapsulating package, by
conducting local heat application such as laser beam 1rradia-
tion on the metallic layer 13 preliminarily formed on the
periphery of the through hole 4 and 1nside the through hole 4,
it 1s possible to melt only the metallic layer 13 to thereby
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block the through hole 4. Therefore, 1t 1s possible to eliminate
the need for a process of arranging the third fixing material
over the through hole 4, and as a result, 1t 1s possible to realize
a more 1mexpensive airtightly encapsulating package.

Moreover, since the melting point of the metallic layer 13
1s lower than the constituent material of the structure 1, manu-
facturing can be conducted with use of a laser apparatus of
lower power specification, and the equipment investment cost
tor the apparatus can be made lower. Furthermore, with use of
the metallic layer 13 having a lower melting point, the length
of laser heat application time can be reduced and therefore the
process cost can be reduced. As a result, it 1s possible to
realize a more mexpensive airtightly encapsulating package.

Furthermore, by having the metallic layer 13 composed of
Sn or a Sn-containing alloy material, the melting point of the
metallic layer 13 can be lowered to a temperature of approxi-
mately 220° C. (1f the constituent material of the structure 1s
glass, ceramics, S1, Cu, Al, or the like, the melting point of
these materials 1s approximately 1,000° C. or higher). There-
fore, the heat application temperature can be lowered, the
amount of time required for blocking the through hole 4 can
be reduced, and also the power of the apparatus required for
heat application can be reduced. Therefore the manufacturing,
cost of the apparatus can be reduced. As a result, 1t 1s possible
to manufacture a more mexpensive package.

(Exemplary Embodiment 5)

Next, a fifth exemplary embodiment of the present mven-
tion 1s described.

FIG. 25 to FIG. 27 show the fifth exemplary embodiment of
the present invention.

InFIG. 25 to FIG. 27, the same reference symbols are given
to portions the same as constituents described 1n FIG. 1 to
FIG. 24, and descriptions thereol are omitted.

The basic configuration of this embodiment 1s the same as
that of the first exemplary embodiment described above, and
points of difference therebetween are mainly described here.

There 1s described a width 29 of a conductor pattern 26
which surrounds the periphery of an electronic device 9
formed on a wiring substrate 27 according to the fifth exem-
plary embodiment of the present invention.

In the case of using the wiring substrate 27 for the structure
15 as with the second to fourth exemplary embodiments of the
present invention, the continuous conductor pattern 26 which
surrounds the periphery of the electronic device 9 1s formed
on the surface of the wiring substrate 27. As shown in FI1G. 25
and FI1G. 26, the width 29 of this conductor pattern 1s greater
than a bonding width 30 of the structure body 1a bonded with
the wiring substrate 27 (the structure 15 here).

By using this type of structure, the structure 15 1s bonded
with the continuous conductor pattern 26 formed on the sur-
face of the wiring substrate 27 so as to surround the periphery
of the electronic device 9, and the width 29 of the conductor
pattern 1s wider than the bonding width of the structure 1a.
Therefore, 1t 1s possible, with a bonding material 31 which
bonds the structure 1aq and the wiring substrate 27, to suifi-
ciently cover the periphery of the structure 1a (refer to refer-
ence symbol 31 1n FIG. 27), and it 1s possible to realize a
package with a higher level of rehability.

Furthermore, although 1t 1s not shown 1n FIG. 25 to FIG.
27, 1t 1s preferable that Au 1s formed on the surface of the
conductor pattern 26 formed on the wiring substrate 27 and on
the surface of an external terminal 28, or on either one of these
surfaces.

In an airtightly encapsulating package or 1n a vacuum
encapsulating package, 1t 1s necessary to avoid occurring of
outgass after the inside of the package has been encapsulated,
thereby causing a reduction 1n the long-term reliability of the
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electronic device, or a reduction in the level of vacuum 1n the
vacuum encapsulating package. Therelore, the preferred pro-
cess for bonding the structure 1a and the structure 15, or
bonding the structure 1a and the wiring substrate 27, 1s a
process which does notuse flux. In the process which does not
use flux, oxidization of the bonding section surface obstructs
airtight bonding. Therefore, 1n order to prevent this type of
oxidization, 1t 1s preferable that Au 1s preliminarily formed on
at least either one of the surface of the conductor pattern 26
and the surface of the external terminal 28.

That 1s to say, according to this configuration, 1t 1s possible
to prevent oxidization of the surface of the conductor pattern
26 and the external terminal 28, and 1t 1s also possible to
realize superior solder wettability. Moreover, there 1s a merit
in that wire bonding can be conducted using a wire line
composed of a metallic material such as Au and Al serving as
the primary material thereof, and 1t 1s possible to realize a
package which has high manufacturing yield and offers a high
level of freedom 1n designing.

(Exemplary Embodiment 6)

Next, a sixth exemplary embodiment of the present inven-
tion 1s described.

FIG. 28 shows the sixth exemplary embodiment of the
present invention.

In FIG. 28, the same reference symbols are given to por-
tions the same as constituents described 1in FIG. 1 to FIG. 27,
and descriptions thereol are omitted.

The basic configuration of this embodiment 1s the same as
that of the first exemplary embodiment described above, and
points of difference therebetween are mainly described here.

A through hole 4 in the present embodiment 1s formed 1n a
tapered shape 1n which the diameter of the hole gradually
becomes smaller with approach from the topmost surface of
one surface of the structure 1 to the surface of the opposite
side. With the through hole 4 formed 1n a tapered shape, 1n
which the diameter thereol gradually becomes smaller with
approach from the topmost surface of one surface of the
structure 1 to the surface of the opposite side, as described
above, 1t 1s possible to 1irradiate a laser beam directly not only
on the topmost surface of the one surface of the structure 1
(the location where the hole diameter 1s the largest) but also
on the surface of the inside of the through hole 4. Therelore,
the material inside the through hole 4 1s also heated and can be
melted. As a result, the through hole 4 can be more easily
blocked, and 1t 1s possible to realize a package with high
manufacturing yield.

One of the methods for forming the through hole 4 having
this type of tapered shape 1s an etching method. In particular,
il anisotropic etching 1s used, 1t 1s possible to form the shape
of the through hole 4 having various types of tapered shapes.

Furthermore, the shape of the through hole 4 may be appro-
priately changed.

For example, as shown 1n FIG. 29, the through hole 4 may
be formed 1n a tapered shape 1n which the diameter of the hole
gradually becomes smaller with approach from the topmost
surface of both of the surfaces of the structure 1 to the depth-
wise center of the hole. If the through hole 4 1s formed 1n this
type of shape, there 1s a merit in that not only an effect similar
to that of the through hole 4 of FIG. 28 can be obtained, but
also, even i the thickness of the structure 1 having the through
hole 4 formed therein becomes thicker, the through hole 4 can
be easily formed eventually (11 the thickness becomes thicker,
the through hole 4 cannot be formed 1n a tapered shape). That
1s to say, 1i the inside of the through hole 4 1s of a tapered
shape, the diameter gradually becomes smaller with approach
in the depth direction of the hole, however, 1n some cases, the
thickness of the structure 1 may need to be made thicker by
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any means for convenience of the overall design of the pack-
age and the manufacturing cost. In this type of case, there may
be a case where the through hole 4 cannot be formed eventu-
ally, however, this can be remedied as it 1s formed 1n the
tapered shape 1n which the diameter of the hole gradually
becomes smaller with approach from the topmost surface of
both of the surfaces of the structure to the thickness-wise
center of the hole.

Furthermore, as shown 1n FI1G. 30, the through hole 4 may
be formed diagonally with respect to the thickness direction
of the structure 1. If the through hole 4 1s formed 1n this type
of shape, 1t 1s possible to remedy a defect 1n which the melted
material 1s released to the outside of the hole due to gravity
before 1t blocks the through hole when the surface of the
through hole 4 and the 1nner surface of the through hole 4 are
heated and the material 1s melted. Therefore, 1t 1s possible to
realize hole-sealing with higher manufacturing yield. The
probability of the above type of defect occurring becomes
higher when the through hole 1s larger.

Moreover, FI1G. 28 to FIG. 30 illustrate examples of the
metallic layer 13 being formed on the surface of the structure
1. However, the inner shape of these through holes 4 1s not
limited to this example, and 1t may of course be applied to a
case, for example, where the metallic layer 13 1s not formed,
or to other embodiments.

(Exemplary Embodiment 7)

Next, a seventh exemplary embodiment of the present
invention 1s described.

FIG. 31 to FIG. 34 show the seventh exemplary embodi-
ment of the present invention.

InFIG. 31 to FIG. 34, the same reference symbols are given
to portions the same as constituents described 1n FIG. 1 to
FIG. 30, and descriptions thereol are omuitted.

The basic configuration of this embodiment 1s the same as
that of the first exemplary embodiment described above, and
points of difference therebetween are mainly described here.

An encapsulating package of the present embodiment 1s
such that a structure 1a which surrounds all four sides of an
clectronic device 9 1s manufactured 1n a manner 1n which a
ring-shaped (cylindrical section) material 21 (shown 1n FIG.
34) which has a cylinder hole formed 1n the center thereot and
which has a size and thickness capable of housing the elec-
tronic device 9 inside a cylinder hole 37, 1s bonded with a
rectangular plate-shaped tlat plate (plate-shaped section) 22
(shown 1n FIG. 33).

Here, the square-ring-shaped material 21 and the flat plate
22 are bonded by a metallic layer 13 which 1s preliminarily
formed on each surface thereof, and which has a melting point
lower than that of the maternial constituting each of the struc-
tures.

In general, 1t 1s difficult to manufacture a structure 1 which
has a space (groove) 23 capable of housing the electronic
device 9. For example, there 1s a method for forming, by
means of etching, a space portion capable of housing the
clectronic device 9. However, it 1s ditficult to form the shape
of the space with dimensional accuracy. In contrast, accord-
ing to the encapsulating package of the present embodiment,
the ring-shaped material 21, which has the cylinder hole 37
formed in the center thereol and which has the size and
thickness capable of housing the electronic device 9 inside the
cylinder hole 37, 1s bonded with the flat plate 22, to thereby
manufacture the structure. Therefore, 1t 1s possible to easily
realize the structure 1 having the space (groove) 23 capable of
housing the electronic device 9, and 1t can be manufactured at
low cost.

FIG. 31 and FIG. 32 illustrate the example of the metal

layer 13 formed on the surface of the structure 1. However,
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this may of course be applied to a case where this metallic
layer 13 1s absent (for example, the example shown 1n the first
exemplary embodiment) or to a case of an example described
in another embodiment.

In a case where the metallic layer 13 1s absent on the surface
in the first place, for example, a fixing material such as solder
1s subsequently formed on the surface of the square-ring-
shaped maternial 21 and flat plate 22, and they are tused
together. Alternatively, if they are of the same matenal, they
are bonded using a bonding method such as surface activated
bonding, thermal compression bonding, ultrasonic bonding,
anodic bonding, and the like.

(Exemplary Embodiment 8)

Next, an eighth exemplary embodiment of the present

invention 1s described.

FI1G. 35 to FIG. 39 show the eighth exemplary embodiment
of the present invention.

InFIG. 35to FIG. 39, the same reference symbols are given
to portions the same as constituents described 1 FIG. 1 to
FIG. 34, and descriptions thereof are omitted.

The basic configuration of this embodiment 1s the same as
that of the first exemplary embodiment described above, and
points of difference therebetween are mainly described here.

An electronic device 9 of the present embodiment includes
an inirared ray sensor (infrared ray recetving element) 24.

There are two types of the inirared ray sensor 24, namely
“quantum type’” and “thermal type™.

The “thermal type” has a simpler structure and the manu-
facturing cost 1s lower, and therefore use of a thermal type
inirared ray sensor 24 is preferred from the point of manu-
facturing cost. In order to increase the sensitivity of a thermal
type infrared ray sensor, 1t 1s necessary to increase the level of
thermal 1insulation 1n order notto release, as much as possible,
the heat occurring in an infrared ray detecting section to the
outside, to enlarge temperature changes in the infrared ray
detecting section, when an infrared ray 1s irradiated on the
infrared ray sensor 24. Consequently, in order for the thermal
type infrared ray sensor (infrared ray recerving device) to
perform with minimum performance, 1n general, a vacuum
state of 10~ Torr or lower is required as a surrounding envi-
ronment. That 1s to say, it requires a vacuum environment
where there are almost no gas molecules inside the package,
rather than an ordinary airtightly encapsulating package.
Moreover, 1n order to maintain the stability of the device for
a prolonged period of time, 1t 1s preferable to further increase
the level of vacuum immediately after vacuum encapsulating.
Further, 1t 1s preferable that having vacuumed the inside of the
package to 107° Torr or lower, the through hole 4 is sealed in
a highly airtight state. It 1s vacuum encapsulated, but never-
theless 1t 1s highly unlikely that the level of vacuum of the
inside will not be reduced at all after encapsulating, and 1t
always has a leak rate of a finite value. When the level of
vacuum 1s higher immediately after vacuum encapsulating,
even at the same leak rate, 1t takes a longer time until the level
of vacuum has become deteriorated to 10~ Torr at which
mimmum performance can be still exerted, and an inirared
ray receiving device package with a high level of long-term
reliability can be realized eventually.

In the encapsulating package 1n the present embodiment, in
a portion of the structure la positioned directly above (a
portion opposed to) a light recerving section of the infrared
ray recerving element 24, there 1s provided a rectangular
inirared ray transmitting hole 35, and an infrared ray trans-
mitting window material (material which can transmit inira-
red rays) 25 1s bonded thereon so as to block the infrared ray
transmitting hole 35.

10

15

20

25

30

35

40

45

50

55

60

65

24

The infrared ray receiving element 24 1s mounted inside the
vacuum-encapsulated package. Since infrared rays need to be
transmitted from the outside of the package into the package,
as the infrared ray transmitting window material 25, 1n addi-
tion to S1, Ge, ZnS, ZnSe, Al,O,, and S10,, materials includ-
ing an alkal1 halide based material or alkaline-earth halide
based material such as LiF, NaCl, KBr, Csl, CaF ,, BaF',, and
MgF ,, and a chalcogenide based glass having Ge, As, Se, Te,
Sb, or the like serving as the primary component thereof, are
preferable.

According to this configuration, the infrared ray receiving
clement 24 1s encapsulated within a vacuum atmosphere, and
the infrared ray transmitting window material 25 1s mounted
on the portion positioned directly above the light receiving
section of the infrared ray receiving element 24. Conse-
quently, an infrared ray travels through the infrared ray trans-
mitting window material 25 from the outside of the encapsu-
lating package, and 1t reaches the infrared ray receiving
section. Therefore, 1t 1s possible to realize an inirared ray
sensor package with a high level of sensitivity.

Moreover, the flat plate 22 1s bonded with the ring-shaped
material 21 which has the cylinder hole 37 formed in the
center thereol and which has a size and thickness capable of
housing the electronic device 9 1nside the cylinder hole 37,
thereby creating a space for housing the electronic device 9
(infrared ray sensor 24). Here, the flat plate 22 and the ring-
shaped material 21 are bonded to thereby form a space for
housing the infrared ray sensor 24. However, 1t 1s not limited
to this structure, and a groove may be provided 1n a single
material, using a mold, to thereby manufacture a space for
housing the infrared ray sensor 24.

Furthermore, although not shown in FIG. 35 to FI1G. 39, an
anti-reflection film 1s preliminarily formed on the surface of
the infrared ray transmitting window material 25.

Moreover, 1n order to achieve a high level of vacuum 1nside
the package, a so-called getter material (omitted 1n the dia-
gram ) composed ol a Zr based material, 11 based material, or
an alloy which contains these materials, may be formed or
mounted inside the package. The getter material 1s activated
alfter the package has been vacuum encapsulated, and 1t
thereby serves to adsorb outgas inside the package. There-
fore, by using the getter materal, 1t 1s possible to maintain the
inside of the package 1n a high vacuum.

Moreover, here, a description has been made with an
example of a case where the thermal type infrared ray sensor
(1infrared ray detecting element) 24 1s used as the electronic
device 9. However, 1t 1s not limited to the infrared ray sensor
(infrared ray detecting element) 24, and may be applied to
other types of sensor element (such as a quantum type inira-
red ray sensor, a pressure sensor, an acceleration sensor, a
hydraulic sensor, and a gyro sensor), a memory, a logic LSI,
a power supply IC, and the like. In this case, the level of
vacuum inside the package may be lower than 10~ Torr.

Furthermore, while Torr 1s used as the pressure unit in the
present specification, it may be converted into SI units at 1
lorr=133.3 Pa.

(Exemplary Embodiment 9)

Next, a ninth exemplary embodiment of the present mven-
tion 1s described. FIG. 50 shows the ninth exemplary embodi-
ment of the present invention. FIG. 49 shows a state prior to
blocking a through hole 4.

Moreover, 1n FIG. 49 to FIG. 56, the same reference sym-
bols are given to portions the same as constituents described
in FIG. 1 to FIG. 39, and descriptions thereof are omitted.

The basic configuration of this embodiment 1s the same as
that of the eighth exemplary embodiment described above,
and points of difference therebetween are mainly described
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here. The present embodiment has a structural characteristic
differing from other embodiments 1n which inside a package
main body section 33, at a position which can be 1n contact
with a laser beam 1rradiated through the through hole 4, there
1s mounted a getter material 38 capable of adsorbing gas
molecules. The getter material 38 adsorbs outgas which
occurs from the mner surface of the package main body
section 33 due to temporal changes aiter vacuum encapsulat-
ing, and 1t functions to suppress deterioration 1n the level of
vacuum 1nside the package main body section 33 even when
outgas occurs. As the getter material 38, although there are no
particular limitations, for example, use of a Zr based material,
a T1 based matenal, or an alloy material containing any one of
these matenals, 1s preferred. Moreover, 1t 1s preferable that
the getter material 38 1s mounted or formed directly under the
through hole 4 on the wiring substrate 27 or at a position
where 1t can be 1n contact with a laser beam traveling through
the through hole 4. There are no particular limitations on the
mounting method or formation method of the getter material
38. However, for example, 1t 1s mounted or formed by a
method of welding 1t on the wiring substrate 27, or film-
forming it directly on the wiring substrate by means of a thin
f1lm formation technique such as a vacuum sputtering method
and a vacuum vapor deposition method.

Furthermore, the getter material 38 may be mounted or
formed on a ring-shaped material 21 as illustrated 1n FIG. 51
in a modified example of the present embodiment (prior to
blocking the through hole 4), 1n a method similar to the above
method. Alternatively, 1t may be mounted or formed on the
surface of the flat plate 22 in the vicinity of the through hole
4 as 1llustrated 1n FI1G. 52 1n a modified example of the present
embodiment (prior to blocking the through hole 4). Aslong as
at least one portion of the getter material 38 can be brought
into contact with a laser beam traveling through the through
hole 4, the getter material 38 can be heated and activated (the
molecules adsorbed on the surface can be released, and 1t can
be brought to a state of being capable of adsorbing molecules
again).

Moreover, here, there 1s shown an example of manufactur-
ing a structure (second main body section) 1la which sur-
rounds all four sides of the electronic device 9 by bonding the
ring-shaped material 21 with the flat plate 22. However, 1t 1s
not particularly limited to this, and the structure (second main
body section) 1a may of course be of an integrated body.

Next, a manufacturing method of the present embodiment
1s described. As a representative example, there 1s described a
case of using an encapsulating package (prior to blocking the
through hole 4) of the exemplary embodiment shown 1n FIG.
49. As shown 1 FIG. 53, first, the encapsulating package
(prior to blocking the through hole 4) 1s placed on a stage 40
inside a vacuum chamber 17, and then the 1nside of the encap-
sulating package 1s vacuumed through the through hole 4.
Furthermore, while conducting vacuuming, a heater prelimi-
narily installed in the stage (omitted in the diagram) and a
heater wound on the surface of the vacuum chamber 17 (omut-
ted 1n the diagram) are heated, to thereby heat the inside of the
vacuum chamber 17 and the inside of the encapsulating pack-
age to approximately 150° C. The purpose of this step 1s to
convert the water content, which 1s adsorbed inside the
vacuum chamber 17 and inside the encapsulating package,
into water vapor, and vacuum the water vapor, and 1t 1s con-
ducted for approximately two hours for example although
there are not particular time restrictions. Then, as the ultimate
vacuum inside the vacuum chamber 17, 1t 1s confirmed that
the level of vacuum therein has achieved a vacuum level or
lower at which a predetermined performance of the electronic
device 9 can be obtained (107° Torr is generally preferred in
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the case where the electronic device 9 1s an infrared ray sensor
24). Subsequently, a laser beam 3 1s caused to travel through
the through hole 4 and 1rradiate on the getter material 38 as
shown 1n FIG. 54. The irradiation time of the laser beam 3 1s
approprately set according to the temperature of heat appli-
cation to the getter maternial 38, and, for example, 11 the heat
application temperature 1s 400° C., wrradiation 1s conducted
for approximately 5 to 10 minutes. Moreover, in the case
where the heat application temperature 1s raised to approxi-
mately 900° C., the wrradiation time can be reduced to
approximately one minute or less. Next, the laser beam 3 1s
irradiated on the periphery of the through hole 4, and the
metallic layer 13, the melting point of which 1s lower than that
ol the constituent material of the structure, 1s melted, thereby
blocking the through hole 4 (FIG. 56). Alternatively, although
the 1llustration differs from FIG. 55, the metallic material
which constitutes the structure 1s melted to thereby block the
through hole 4, thus completing the vacuum encapsulating
package of the exemplary embodiment of the present inven-
tion shown 1n FIG. 50.

Here, there are no particular restrictions on the method for
irradiating the laser beam 3 on the periphery of the through
hole 4. However, 1t 1s preferable that the irradiation diameter
of the laser beam 3 1s set larger than the diameter of the
through hole 4, and irradiation 1s conducted while the through
hole 4 1s positioned within the 1irradiation region of the laser
beam 3. Alternatively, use of a method of irradiating the laser
beam 3 so as to draw a circle centered on the through hole 4,
1s preferred.

(Exemplary Embodiment 10)

Next, a tenth exemplary embodiment of the present inven-
tion 1s described.

FIG. 40 shows the tenth exemplary embodiment of the
present 1nvention.

In FIG. 40, the same reference symbols are given to por-
tions the same as constituents described 1in FIG. 1 to FIG. 39,
and descriptions thereof are omitted.

The basic configuration of this embodiment 1s the same as
that of the first exemplary embodiment described above, and
points of difference therebetween are mainly described here.

The present embodiment 1s configured as a printed circuit
board 32 with an encapsulating package 33 mounted thereon.

That 1s to say, the printed circuit board 32 includes the
encapsulating package 33 which uses an 1nfrared ray sensor
(1infrared ray detecting element) 24 as an electronic device 9.

As the encapsulating package 33, the encapsulating pack-
age 1n the first to eighth exemplary embodiments may of
course be applied.

Moreover, the printed circuit board 32 may be equipped
with, as the electronic device 9, an encapsulating package
which uses a device other than the infrared ray sensor (infra-
red ray receiving element) as shown in FIG. 41.

In any of these cases, by mounting these encapsulating
packages, 1t 1s possible to manufacture the low cost printed
circuit board 32 which offers a higher level of freedom 1n
structure designing.

(Exemplary Embodiment 11)

Next, an eleventh exemplary embodiment of the present
invention 1s described.

Description of the diagram 1s omitted here, however, 1t 1s
possible to assemble an electronic device using the encapsu-
lating package in the first to ninth exemplary embodiments, or
the printed circuit board 32 1n the tenth exemplary embodi-
ment.

That 1s to say, the present embodiment 1s configured as an
clectronic device including the above encapsulating package
or the printed circuit board 32.
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According to this electronic device, manufacturing cost
can be lowered compared to that of the conventional practice.

Examples of electronic devices to which this may be
applied include, for example, an infrared camera, on which a
vacuum encapsulating package of the infrared ray sensor °
(infrared ray recewving element) 24, or a module substrate
having the package mounted thereon (printed circuit board) 1s
mounted, and a thermography capable of visualizing a tem-
perature distribution of an object. Moreover, even when the
clectronic device 9 1s a device other than the infrared ray
sensor 24, for example, 1t 1s still suitable for on-vehicle elec-
tronic devices (car navigation, car audio, ETC device, and the
like), with which malfunction is not acceptable even under an
environment ol high temperature and humidity, and for elec-
tronic devices for underwater use (underwater camera, under-
water sonar device, and the like) which do not tolerate water
INgress.

Several exemplary embodiments have been described,
however, needless to say, the present invention should not be 20
considered as being limited to the above embodiments unless
it departs from the scope of the mvention.

Hereunder, the present invention 1s further described in
detail based on a working example of the present invention.
However, the present invention should not be considered as 25

being limited to the following working example unless it
departs from the scope of the mvention.

10
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Working Example 1
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As a working example of the present invention, there 1s
described a vacuum encapsulating package which uses an
inirared ray sensor (inirared ray receiving device).

The present working example 1s described 1n detail, with
reference to FI1G. 35 to FIG. 39. 35
First, an S1 substrate (FI1G. 13d) of a size 10 mmx13 mm

and thickness 0.8 mm was prepared as an infrared ray trans-
mitting window material 25. An anti-retlection film was pre-
liminarily formed on the S1 substrate. Moreover, N1 (3 um)/
Au (0.05 um) was formed 1n an area inner side by 1 mm width 40
from the outermost periphery of the S1 substrate, by means of
a nonelectrolytic plating method. The reason for this was to
casily perform bonding do a SnAg film formed on the surface
of a structure 1 (flat plate 22) to be bonded later, while pro-
viding superior wettability without use of flux. 45

Next, there were prepared a flat plate 22 with outer diam-
eter 15 mmx15 mm, mner diameter 8 mmx11 mm (diameter
of the through hole of a cylinder hole 37), and thickness 0.22
mm shown 1 FIG. 37, and a ring-shaped material 21 with
outer diameter 15 mmx15 mm, inner diameter 13 mmx13 50
mm, and thickness 1.5 mm shown in FIG. 38 which has a
cylinder hole 37 formed 1n the center thereof, and which has
a size and thickness capable of housing the electronic device
9 1nside the cylinder hole 37.

The matenials shown 1n FIG. 37 and FIG. 38 were manu- 55
factured using 42 alloy (alloy of N1 and Fe). Micro through
holes 4 shown 1n FIG. 37 were formed as through holes with
maximum diameter 0.2 mm, by means of chemical etching
with use of a mask. There were formed four through holes
(although FI1G. 37 1llustrates this as though eight holes were 60
tormed). The shape of the inside of the through hole 4 was
formed 1n a slightly tapered shape by means of an etching
method, and the minimum diameter of the through hole 4 was
0.17 mm. Moreover, a 50 um SnAg (3.5%) film was formed
on the surface of these materials and inside the through hole 65
4 by means of an electrolytic method. As a result, the opening
diameter of the micro through hole 4 was 0.07 mm to 0.1 mm.
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A circuit board with outer diameter 18 mmx18 mm and
thickness 0.5 mm, and the base material of which was glass
ceramics, was used as a structure 15 shown 1n FIG. 35. Ni1-(3
um )/ Au (0.05 um) was preliminarily formed on the surface of
a conductor pattern on the circuit board, by means of a non-
clectrolytic plating method. Furthermore, the width of the
conductor pattern on the circuit board to be bonded with the
ring-shaped material 21 was 1.2 mm, and was designed larger
than the bonding width 1.0 mm (in reality, the thickness of a
Sn—Ag plating 1s added thereto, making 1t 1.1 mm) of the
ring-shaped matenal 21.

Next, the electronic device 9 (infrared ray sensor 24 1n the
present working example) was adhesively fixed on the circuit
board (structure 15) by a bonding material, and then, the
inirared ray sensor and an external terminal 14 of the circuit
board were bonded with a wire which uses an Al line.

Subsequently, the conductor pattern on the circuit board
(structure 15), the nng-shaped material 21, the flat plate 22,
and the infrared ray transmitting window material 25 were
position-aligned and laminated, and they were then collec-

tively bonded using a nitrogen retlow furnace.

Next, the above sample was installed inside the vacuum
chamber shown 1 FIG. 14 (although FIG. 14 illustrates as
though the circuit board 1s not used for the structure 15), the
inside of the vacuum chamber was vacuumed using a rotary
pump and a turbo-molecular pump, and the inside of the
vacuumed package was vacuumed to 107° Torr via the
through holes 4. Subsequently, a laser beam 20 was 1rradi-
ated, from a laser apparatus installed outside the vacuum
chamber 17, on the periphery of the package through hole
through a glass window 18, to thereby manufacture a package
which was encapsulated within a vacuum atmosphere. Fur-
ther, the spot diameter of the laser beam 20 was 0.4 mm. The
preferred dimensions A, B, C, and D have been described as
CB*/(D*-B*)=A, B<D, in the case where the thickness of the
SnAg film 1s A (0.05 mm), the diameter of the through hole
after the SnAg film has been formed 1s B (maximum 0.1 mm),
the thickness of the structure having the through hole 4
formed therein 1s C (0.2 mm), and the spot diameter of laser
beam 1s D (0.4 mm). With the dimensions A, B, C,and D in a
range defined by the above formulas, it was possible to reli-
ably block the through holes 4 with the SnAg material.

Furthermore, when this vacuum encapsulating package
was mounted 1n an infrared camera, acquisition of a required
image was confirmed.

According to the present invention, through holes can be
blocked quickly and easily, and manufacturing cost can be
reduced as a result.

Moreover, by mounting the encapsulating package of the
present invention on a printed circuit board, it 1s possible to
realize a lower cost circuit board with enhanced performance
and a high level of reliability.

Furthermore, by mounting the above encapsulating pack-
age, or a printed circuit board having this encapsulating pack-
age mounted thereon, on an electronic device, 1t 1s possible to
realize a lower cost electronic device with enhanced perfor-
mance and a high level of reliability.

The mnvention claimed 1s:

1. An encapsulating package comprising:

a package main body section having a hollow section; and

an electronic device provided 1n the hollow section 1n the
package main body section,

in the package main body section, there being formed a
through hole, through which the hollow section commu-
nicates with outside of the package main body section,



US 8,525,323 B2

29

in a vicimty of the through hole, there being provided a
low-melting point section having a melting point lower
than that of the package main body section, and

in the through hole, there being provided a sealing section

in which the low-melting point section in the vicinity of 5

the through hole 1s partly heated and the low-melting
point section 1s melted to thereby block the through hole,

wherein the hollow section 1s vacuumed via the through
hole, and the through hole 1s blocked 1n a vacuum atmo-
sphere to thereby vacuum encapsulate the electronic
device,

wherein mside the package main body section, at a position
which 1s contactable with a laser beam irradiated
through the through hole, there 1s mounted a getter mate-
rial capable of adsorbing gas molecules,

wherein the electronic device 1s an 1nirared ray receiving
element, and

in a portion of the package main body section which
opposes to a light receiving section of the infrared ray
receiving element, there 1s provided an infrared ray
transmitting hole and an 1nfrared ray transmitting win-
dow material 1s bonded so as to block the infrared ray
transmitting hole.

2. The encapsulating package according to claim 1,

wherein the package main body section 1s configured such
that a first main body section and a second main body
section are bonded via the hollow section,

the through hole 1s formed 1n the second main body section,
and

the low-melting point section 1s formed 1n an entire surface
of the second main body section including an inner
periphery section of the through hole.

3. The encapsulating package according to claim 1,

wherein the low-melting point section 1s partly heated and
melted by a laser beam,

a thickness of the low-melting point section 1s set so that a
volume of the low-melting point section to be melted 1s
greater than a volume of the through hole, and

a spot diameter of the laser beam 1s set greater than a
diameter of the through hole.

4. The encapsulating package according to claim 1,
wherein the low-melting point section 1s Sn or an alloy mate-
rial including Sn.

5. An encapsulating package comprising:;

a package main body section having a hollow section; and

an electronic device provided 1n the hollow section 1n the
package main body section,

in the package main body section, there being formed a
through hole, through which the hollow section commu-
nicates with outside of the package main body section,
and

in the through hole, there being provided a sealing section
in which vicinity of the through hole 1s partly heated and
a constituent material of the package main body section
1s melted to thereby block the through hole,

wherein the hollow section 1s vacuumed via the through
hole, and the through hole 1s blocked 1n a vacuum atmo-
sphere to thereby vacuum encapsulate the electronic
device,

wherein mside the package main body section, at a position
which 1s contactable with a laser beam i1rradiated
through the through hole, there 1s mounted a getter mate-
rial capable of adsorbing gas molecules,

wherein the electronic device 1s an infrared ray receiving
element, and

in a portion of the package main body section which
opposes to a light receiving section of the infrared ray
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receiving element, there 1s provided an infrared ray
transmitting hole, and an infrared ray transmitting win-
dow material 1s bonded so as to block the infrared ray
transmitting hole.

6. The encapsulating package according to claim 5,

wherein the package main body section includes a wiring

substrate, and

the electronic device 1s electrically connected to the wiring

substrate.
7. The encapsulating package according to claim 6,
wherein on a surface of the wiring substrate, there is
formed a continuous conductor pattern which surrounds
a periphery of the electronic device, and

a width of the conductor pattern 1s wider than a bonding,
width of a structure to be bonded with the wiring sub-
strate.

8. The encapsulating package according to claim 6,
wherein on a same surface of the wiring substrate as a surface
having the electronic device provided thereon, and inside and
outside of the hollow section, there 1s provided an external
terminal which 1s electrically connected to the electronic
device.

9. The encapsulating package according to claim 6,
wherein on a surface of the wiring substrate where the elec-
tronic device 1s provided, and on a surface reverse-opposite of
the surface having the electronic device provided thereon,
there 1s formed an external terminal which 1s electrically
connected to the electronic device.

10. The encapsulating package according to claim 6,
wherein Au 1s formed at least on either one of a surface of the
conductor pattern formed on the wiring substrate, and a sur-
face of the external terminal.

11. The encapsulating package according to claim 6,
wherein the wiring substrate uses a ceramics material or S1 for
a base material thereof

12. The encapsulating package according to claim 6,
wherein the package main body section excluding the wiring
substrate includes an alloy material including at least Ni.

13. The encapsulating package according to claim 3,
wherein the package main body section includes a semicon-
ductor material, a metallic material such as Ni, Fe, Co, Cr, 11,
Au, Ag, Cu, Al, Pd, and Pt, an alloy material having these as
a primary component thereof, a glass material, or a ceramics
material.

14. A printed circuit board comprising an encapsulating
package according to claim 5.

15. The electronic device comprising an encapsulating
package according to claim 5.

16. The clectronic device comprising a printed circuit
board according to claim 14.

17. The encapsulating package according to claim 3,
wherein the through hole 1s formed 1n a tapered shape, a
diameter of which gradually becomes smaller with approach
from a surface of the package main body section to an oppo-
site side surface.

18. The encapsulating package according to claim 5,
wherein the through hole 1s formed 1n a tapered shape, a
diameter of which gradually becomes smaller with approach
from a surface of the package main body section to a depth-
wise center of the through hole.

19. The encapsulating package according to claim 3,
wherein the through hole 1s formed so as to be diagonal with
respect to a thickness direction of the package main body
section.




US 8,525,323 B2

31

20. The encapsulating package according to claim 5,
wherein the package main body section includes a cylin-
drical section formed 1n a cylinder shape, and a plate
section formed 1n a plate shape, and
the plate section and the cylindrical section are bonded so
that the plate section blocks a cylinder hole of the cylin-
drical section.
21. The encapsulating package according to claim 3,
wherein the hollow section 1s filled with a nitrogen gas or an
inert gas.
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